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Abstract 
In 2019 the RV Meteor cruised from Guadalupe in April/May to Cape Verde in June/July and to Namibia in August/
September. The distance is about 10,000 km. The ship has a moon pool for installation of instruments. In Cape Verde 
we had a first glimpse of the already sparsely populated moon pool. We reached Namibian waters in mid-August. 
In mid-September, 47 days later and 6000 km south, the ship’s moon pool was sampled in the port of Walvis Bay. 
13 different taxa could be identified belonging to two phyla, four classes, six orders and 10 families. Most of these 
species have not yet been observed in the port or in the adjacent areas and are new records for the entire Namibian 
coast. The goose barnacles Conchoderma auritum (Linnaeus, 1767), Conchoderma virgatum Spengler, 1789 and Lepas 
anatifera Linnaeus, 1758 were particularly noticeable. They were only surpassed by the large number of amphipods. 
The species Ericthonius brasiliensis (Dana, 1853), Jassa marmorata Holmes, 1905, Stenothoe senegalensis Krapp-Schickel, 
2015 and Paracaprella pusilla Mayer, 1890 are particularly noteworthy here. In addition, the pycnogonid species Endeis 
straughani Clark, 1970 and the titan acorn barnacle Megabalanus coccopoma (Darwin, 1854) should be mentioned, 
which occurred very frequently as well. The present study shows, on the one hand, an example of the transatlantic 
spread of bioinvasive species by ships as vectors and, on the other hand, a convenient method for sampling ship hulls.
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Introduction
Biological invasions continue to increase around the 
world, with impacts on many coastal marine systems. 
A large number of vectors for the spreading of marine 
organisms are conceivable, e.g. aquaculture, ship traf-
fic, pet trade and tourism (e.g. [1–8]). One of the most 
important is certainly unintentional transport by ship. 
While larvae of endobenthic species can be carried 
over large distances in ballast water, epibenthic organ-
isms are potentially able to survive longer distances 
attached to the ship’s hull (e.g. [9, 10]). The rate of bio-
logical invasions has strongly increased during the last 
decades, mostly due to the accelerated spread of species 
by increasing global trade and transport [3].
Apparently Namibia has not been one of the hotspots 
of worldwide species introduction [3]. However after a 
very recent study even the temperate zone of southern 
Africa has a high risk of introduction of nonindigenous 
species (NIS) especially from eastern Indo-Pacific and 
temperate northern and tropical eastern Pacific [7]. In 
2016 Alexander et  al. [11] published a review paper on 
South African marine invasion literature and in 2020 
Robinson et  al. [12] listed 95 marine alien species (of 
which 56 have spread to become invasive) known from 
South African coast. Two main points emerge in rela-
tion to the present study. First, little to no attention has 
been paid to marine invasions in the countries border-
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harbours and marinas as sources and sinks of marine 
invasions along the Namibian coast is currently not well 
understood and should be addressed by future work. It 
is important to recognize that it is difficult to identify 
alien taxa when indigenous species are not well studied, 
in areas with little knowledge of biodiversity. The author 
has been researching the Namibian macrozoobenthos for 
several years (e.g. [13–15]). However, the coastal areas, 
especially the ports, were not yet in focus for me or any 
other effort.
The present study demonstrates the permanent risk of 
non-native species being moved from anywhere (here 
over a distance of probably up to 10,000 km) to Namibia. 
A randomly initiated sampling of the colonization of a 
moon pool of a research vessel in the port of Walvis Bay 
yielded mostly previously unknown non-native species 
for Namibian waters.
Material and methods
A moon pool is a feature of research vessels (and some 
other ships as well). It is an opening in the floor of 
the hull giving access to the water below. It allows the 
exposition of sampling devices and instruments into 
the sea. It provides a protected access to the sea even 
on the high seas or long voyages. During a research 
cruise starting from Cape Verde and going to Namibia 
we installed some equipment (not relevant for the pre-
sent study) at the moon pool at the beginning of August 
2019 in Mindelo (Cape Verde). For this the platform 
was lifted out the water. The brackets and the platform 
of the moon pool were already sparsely populated by 
some organisms (Fig.  1), but neither investigated nor 
sampled. The ship was previously in the Caribbean 
Sea (April to May) and Cape Verde and North-West 
Africa (June to July). We reached Namibian waters in 
mid-August (see Fig. 2 for the route of the ship). At the 
end of the cruise in mid-September the devices of the 
moon pool were recovered. The platform was lifted out 
of the water again. I sampled the installation platform 
by scratching the surface randomly without any quan-
titative claim. Some larger taxa (goose barnacle) were 
specifically removed. The material was preserved in 4% 
buffered formalin. The platform was exposed to seawa-
ter continuously for at least 47  days. This meant that 
many organisms only had 47  days to colonize them. 
If you take into account the previous sections of the 
cruise, the exposure time has been increased: includ-
ing the month around Northwest Africa to 79 days and 
including the transit from the Caribbean to a total of 
113  days. The sample was analysed in the laboratory 
using a dissection microscope which a magnification 
of ×10 (or higher). The species were determined and 
counted. Although the sample was only qualitative, all 
individuals were counted. The most common species 
were roughly estimated (> 100 or > 1000).
Results
At the beginning of the observation in Cape Verde, only 
a sparse but clear colonization of organisms was vis-
ible (Fig. 1). At the end of the cruise in Walvis Bay the 
community was much denser (Fig. 3A). The analyses of 
the scratch sample showed 13 different taxa belonging 
to two phyla, four classes, six orders and 10 families 
(Table 1). Most obvious were the large goose barnacles 
Conchoderma auritum (Linnaeus, 1767), Conchoderma 
virgatum Spengler, 1789 and Lepas anatifera Linnaeus, 
1758 (Fig. 3). All of them were fully grown and vital.
Regarding the numbers the amphipods and some oth-
ers dominated the sample (Table 1, Fig. 4). Ericthonius 
brasiliensis (Dana, 1853) found optimal conditions on 
the moon pool bracket and reached several thousand 
individuals. Stenothoe senegalensis Krapp-Schickel, 
2015 with several hundred individuals followed in sec-
ond place. Jassa marmorata Holmes, 1905 and Para-
caprella pusilla Mayer, 1890 were both common too. 
In addition, the pycnogonid species Endeis straughani 
Clark, 1970 and the titan acorn barnacle Megaba-
lanus coccopoma (Darwin, 1854) should be mentioned, 
which occurred very frequently as well. The amphipod 
Podocerus sp. and the decapods Plagusia sp. were only 
found as single individuals. From the swimming crab 
Liocarcinus sp. and also from the red-mouthed rock 
shell Stramonita haemastoma (Linnaeus, 1767) only 
some juveniles were observed.
Fig. 1 At the beginning of installation of our device at 3rd August 
2019 in Cape Verde already a sparse colonisation of the moon pool 
hardware was visible. Especially amphipod tubes, barnacles and some 
juvenile stages of goose barnacles could be seen (Photo: M. Glockzin)
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Discussion
Among the species identified probably the goose bar-
nacles (Lepas anatifera, Conchoderma virgatum and 
Conchoderma auritum) are the most common and wide-
spread in the world. They show a cosmopolitan pattern 
of distribution, attached by their flexible stalks to float-
ing wood and debris, the hulls of ships, piers, buoys, sea-
weed and larger animals as fishes, crocodiles, turtles or 
whales (e.g. [16–20]). They are often associated with each 
other, living in tropical, subtropical and boreal waters 
and are fast growing organisms. To the present, there is 
only one species reported for Namibian waters (a species 
of the genus Lepas) was described so far for Namibian 
waters (http:// www. biodi versi ty. org. na) and also in South 
Africa the genus Conchoderma was not recorded so far 
[21]. However, since the species occur worldwide and are 
commonly spread by both shipping and whales, occur-
rence in Namibian waters would not be unexpected.
The titan acorn barnacle Megabalanus coccopoma 
originates from the tropical Pacific coasts of central and 
South America and has successfully invaded Brazilian 
waters, the North Sea, Japan, southeastern coast of the 
United States and also tropical West African waters [22 
and references therein, 23]. The first observations on the 
West African coast were made at the Gambian coastline 
in 2010 [22]. Also in 2010 records were made at buoys in 
the entrance of the Ports of Richard’s Bay and Durban in 
South Africa [24]. Due to its ability to biofouling on float-
ing artificial surfaces, the species has high potential to 
spread around the world [22].
Among the amphipods Ericthonius brasiliensis was the 
most abundant one. Several thousand individuals of this 
tube building species occupied the platform of the moon 
pool. The tubes covered almost every open area of the 
platform. At the beginning of our survey (in Cape Verde), 
the tubes were already visible, albeit at a significantly 
reduced density (compare Figs. 1 and 3A). E. brasiliensis 
originates from the Atlantic coast of South America and 
is one of the most successful invaders around the world. 
The species is also known from South Africa [25], but has 
not yet been reported from Namibia. In South Africa, it 
is also known from the South Benguela ecoregions, an 
area that borders Namibia [12]. The present material has 
been certainly distinguished from the similar species E. 
punctatus (Spence Bate, 1857) and E. parabrasiliensis 
Just, 2009 [26].
Next to the previous species Jassa marmorata was 
frequently observed within the sample. J. marmorata is 
native to the North-West Atlantic but has been intro-
duced to several places around the world. The species 
Fig. 2 The route of the research vessel from April to September 2019
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can also be called a globetrotter. A recent study found 
that J. marmorata (and also Jassa slatteryi Conlan, 
1990) began long ago to colonize the oceans and they 
call this type “neocosmopolitans” [27]. According to 
Griffiths et al. [28] J. marmorata was already observed 
in South Africa in the 1950s. In Picker and Griffiths 
[29] and in Robinson et  al. [12] only J. slatteryi was 
mentioned. However, Conlan [30] confirms that both J. 
marmorata and J. slatteryi occur in South Africa. In the 
present material the characteristics clearly show that it 
is J. marmorata. The study by Conlan [30] was used to 
differentiate the species.
Fig. 3 At the end of our cruise the colonization of organisms was much denser (A) and especially the goose barnacles (B–D) were fully grown: B 
Lepas anatifera Linnaeus, 1758, C Conchoderma virgatum Spengler, 1789, D Conchoderma auritum (Linnaeus, 1767)
Table 1 List of observed taxa from the RV Meteor moon pool sampled at 15th September 2019 in Walvis Bay (Namibia)
Class Order Family Taxon Origin No
Gastropoda Neogastropoda Muricidae Stramonita haemastoma (Linnaeus, 1767) Western Atlantic 10
Hexanauplia Lepadiformes Lepadidae Conchoderma auritum (Linnaeus, 1767) cosmopolitan 3
Hexanauplia Lepadiformes Lepadidae Conchoderma virgatum Spengler, 1789 cosmopolitan 5
Hexanauplia Lepadiformes Lepadidae Lepas anatifera Linnaeus, 1758 cosmopolitan 15
Hexanauplia Sessilia Balanidae Megabalanus coccopoma (Darwin, 1854) Pacific > 100
Malacostraca Amphipoda Caprellidae Paracaprella pusilla Mayer, 1890 Caribbean > 50
Malacostraca Amphipoda Ischyroceridae Ericthonius brasiliensis (Dana, 1853) West-Atlantic > 1000
Malacostraca Amphipoda Ischyroceridae Jassa marmorata Holmes, 1905 North-East Atlantic > 100
Malacostraca Amphipoda Podoceridae Podocerus sp. ? 1
Malacostraca Amphipoda Stenothoidae Stenothoe senegalensis Krapp-Schickel, 2015 Senegal > 100
Malacostraca Decapoda Plagusiidae Plagusia sp. ? 1
Malacostraca Decapoda Polybiidae Liocarcinus sp. ? 12
Pycnogonida Pantopoda Endeidae Endeis straughani Clark, 1970 Atlantic-Pacific > 50
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For determination of Stenothoe senegalensis the key by 
Krapp-Schickel [31] was used. It belongs to the Stenothoe 
gallensis species complex that has not been fully resolved. 
S. gallensis Walker, 1904 described from Sri Lanka, 
ranges from South Africa to South China Sea [31]. S. sen-
egalensis is named after its type locality in Senegal and 
so far only known from there. Following the argumenta-
tion of Krapp-Schickel [31] on the distinction between 
the two species, I come here to S. senegalensis. With 
more than 100 individuals in my scratch sample this tiny 
amphipod achieved high abundances. Cape Verde lies 
only few hundred kilometres off the Senegalese coast 
and it is very likely that this species can also be found 
on the coast around the islands, the starting point of our 
research cruise.
One of the most successful caprellid amphipod invad-
ers on fouling substrates around the world (Paracaprella 
pusilla) has arrived in almost all parts of tropical, sub-
tropical and temperate waters [32–36]. Previously it was 
mainly reported from subtropical and tropical waters 
[32]. The present observation from the port of Walvis 
Bay seems to be unsuitable for this species in terms of 
the water temperature (it is around 12 °C). However, we 
previously sailed in Namibian waters for about 35  days 
and the high numbers of P. pusilla in the sample and their 
mobility show that the species can obviously handle it. 
The origin of the individuals we had in my sample could 
be Guadalupe, where the species was previously observed 
[32].
For determination of the sea spiders (Pycnogonida) 
I used the studies of Clark [37], Krapp [38] and Bamber 
[39, 40]. Endeis straughani is originally described from 
Queensland in Australia [37]. Later Bamber [39] intro-
duced a new Endeis species from the coast of Ghana 
(West Africa) and named it Endeis picta, interestingly 
associated within a Megabalanus tintinnabulum fouling 
community at the ship hull of a returning ship to River 
Tyne in England. This species was later synonymized 
with E. straughani (see in http:// www. marin espec ies. org). 
Some distinct characteristics of E. straughani (robust 
species, leg segments much shorter and stout, recurved 
spines on the oviger segment 7) make it easy to distin-
guish it from E. charybdaea, a species common in the 
north-east Atlantic and Mediterranean [38, 40]. Fascinat-
ingly, Clark [37] emphasized the greenish colour (even 
in alcohol-fixed animals). So far no occurrences of the 
genus Endeis are known in Namibia. The present evi-
dence of E. straughani makes an occurrence on the previ-
ous shipping route in the North Atlantic very likely.
Stramonita haemastoma is widespread in tropical and 
warm waters in both the eastern and western Atlantic. 
It is known for West Africa (e.g. [41]) and is also rarely 
observed in North Namibian waters (own observations). 
In my samples of the moon pool it only occurs as young 
animals (maximum height 22  mm), but the determina-
tion was possible.
Some species have been detected only once 
(Podocerus sp.) and/or were juveniles (Liocarcinus sp. 
Plagusia sp.). In these cases it was not possible to iden-
tify with certainty at the species level. Six species of 
the genus Podocerus are known so far for South Africa 
[25] and two of them probably also for Namibia (http:// 
www. biodi versi ty. org. na). In my sample, there was only 
one female that could not be identified. In the biodiver-
sity data base of Namibia Guinusia chabrus (Linnaeus, 
1758) (synonym Plagusia chabrus) is registered. Emm-
erson [42] listed G. chabrus and Plagusia depressa (Fab-
ricius, 1775) for Namibian waters. In the present study 
these species cannot be confirmed nor excluded. The 
individual found was a juvenile with a carapace diam-
eter of 6 mm and could not be identified with certainty. 
Both the carapace and the pereiopods were markedly 
less spiny than is typical for G. chabrus and P. depressa. 
Also the surface is not covered by fine hairs. The genus 
Fig. 4 Found marine invertebrates A Ericthonius brasiliensis, B 
Jassa marmorata, C Paracaprella pusilla, D Stenothoe senegalensis, E 
Podocerus sp., F Megabalanus coccopoma, G Liocarcinus sp., H Plagusia 
sp., I Stramonita haemastoma, K Endeis charybdaea, Scale bars: 1 mm
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Liocarcinus was not recorded for Namibia so far. For 
this region only two species of Polybiidae have been 
found, namely Bathynectes piperitus R.B. Manning 
and Holthuis, 1981 and Macropipus australis Guinot, 
1961 [42]. Both species can be excluded for the present 
individuals.
Conclusions
Ship hulls as a transport vector over long distances are 
well known. The present study shows, on the one hand, 
an example of the transatlantic spread of bioinvasive spe-
cies and, on the other hand, a convenient method for 
sampling ship hulls. The moon pool as part of research 
vessels (and many other vessels) can easily be sampled 
while in ports or even offshore. Obviously it would have 
been very interesting to compare the species in the moon 
pool with those on the outer hull to answer the question 
were these species transported simply because of the 
unusual structure of this moon pool. This was not done; 
However, I would expect most species to be perfect for 
attachment to the outer hull as well. Therefore it would 
probably make little sense for ships with moon pools to 
clean or sterilize them before entering ports, while the 
largest area (outer hull) remains untreated for logistical 
reasons.
The arrival of several species in Namibian waters is 
described; most of them were recorded here for the first 
time. Walvis Bay as the largest (and next to Lüderitz the 
only) port in Namibia plays an important role in the 
spread of bioinvasive species along the south-west Afri-
can coast. Finally, it should be noted that at this stage it 
is not clear which of these species can establish them-
selves in Namibia. It must be clear that finding fouling 
organisms on a ship or in the surrounding water do not 
necessarily mean that those organisms were/are intro-
duced in any given region where the ship was/is at a 
given moment, or that those species will succeed in sur-
viving there. The study aims to highlight the high risk of 
introducing exotic species through shipping on Namibia’s 
shores (and elsewhere). However, the routine sampling 
of the vessels moon pool before and after voyages could 
deliver an interesting dataset for neobiota management. 
Alternatively, the systematic sampling of multiple ships 
visiting Walvis Bay could provide interesting information 
about the possible spread pressure. However, although 
species often occur on vessels they are not able to sur-
vive coastal conditions and do not pose an invasion risk. 
Therefore, maybe most useful would be sampling the port 
itself to quantify and document alien biota. Ultimately, 
the present study is a first approach to this problem in 
Namibian waters and it becomes clear how great the risk 
of the introduction of organisms is.
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